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Abstract 
Fiber reinforced composite materials were applied widely in aircraft and space vehicles engineering. Aimed to an 
advanced glass fiber reinforced composite material, a series of experiments for measuring thermal physical properties 
of this material were conducted, and the corresponding performance curves were obtained through statistic analyzing. 
The experimental results showed good consistency. And then the thermal physical parameters such as thermal 
expansion coefficient, engineering specific heat and sublimation heat were solved and calculated. This investigation 
provides an important foundation for the further research on the heat resistance and thermodynamic performance of 
this material. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Fiber reinforced composite material, a kind of lower cost material, has not only dual properties of its 
matrix and fiber but the mutual coupling performance. Compared with the ordinary materials, it has the 
more excellent performance. With the continuous development of it, the fiber reinforced composite 
material was applied more and more widely, and it was researched more and more extensively and deep[1-
5]. Different components that meet the different needs of aircraft and space vehicles engineering 
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especially the wave-permeable materials could be developed through combining different glass fibers 
with various resins. And therefore, glass fiber reinforced composite materials played an irreplaceable role 
in space engineering. 
In this investigation, a series of experiments that measured thermal physical parameters of an advanced 
glass fiber composite material such as thermal expansion coefficient, specific heat and sublimation heat 
were conducted, and corresponding parameter values were obtained. 
2. Test specimens and experimental facilities 
2.1. Measurement of thermal expansion coefficient 
    By measuring the change of the length as thermal environment changes, the linear expansion 
coefficients of specimens at different temperatures can be measured accurately. To ensure the uniformity 
and linear expansivity in the process of heating, the specimen size is 2×2×25mm; and experimental 
equipment is the series DIL402C thermal dilatometer, as shown in figure 1. 
Fig.1 thermal dilatometer                                                                              Fig.2 differential scanning calorimeter 
2.2. Measurement of specific heat 
  The functional relation, DSC curve, between temperature and energy difference between specimen 
and the reference was obtained by continuously measuring and recording. Specific heat of the material at 
different temperature could be calculated accurately on the basis of DSC curve. There is no special 
requirement for specimens in the experiment, the sizes included. Experimental equipment is the series 
DSC differential scanning calorimeter, as shown in figure 2.  
2.3. Measurement of sublimation heat 
Phase transition temperature, melting point, reaction heat can be measured by Horizontal differential 
scale. There is no special requirement for specimens in the experiment, the sizes included. Experimental 
equipment is the series DTG60 thermo-gravimetric / differential thermal analyzer, as shown in figure 3.  
 Gao Guangfa et al. /  Physics Procedia  25 ( 2012 )  339 – 344 341
Fig.3 thermo-gravimetric / differential thermal analyzer 
3.  Measurement experiment of specific heat 
Five experiments were conducted. The results were as shown in figure 4. 
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Fig.4 temperature-dependent specific heat curve                Fig. 5 temperature-dependent mean specific heat curve
As seen in figure 4ˈthe range of temperatures in the 5 experiments was 0-400ºC. The corresponding 
average values of the above 5 sets of experimental data were taken as the mean specific heat of the 
material (0, 400)c . The mean specific heat curve was fitted by least square method, as shown in figure 
5. 
),0( tc ˙ 2210 TaTaa                                                               (1)  
In the above equation, 
09058.10  a ˈ 00589.01  a ˈ 5138.12  ea . The true specific 
heat was calculated through the following functional relation between the mean specific heat and the true 
specific heat. 
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After the experimental data were analyzed and investigated, engineering mean specific heat c

 in the 
temperature range was proposed on the basis of the definition of mean specific heat ),( 21 TTc ˈ which 
was the corresponding weighted mean specific heat to each temperature. 
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As seen in figure 4, the specific heat increased along with the increase of temperature of the material 
until a steady value. 
62.1))4.358()32.198()84.136()31.86()6.37((
5
1   cccccc                      (4) 
The equation (4) showed that the engineering mean specific heat of the material was 1.62J/(g· ºC) in 
the experimental temperature range. 
4.  Measurement experiment of thermal expansion coefficient 
    For measuring thermal expansion coefficient of the advanced glass fiber composite material, five 
experiments were conducted. The results were as shown in figure 6. 
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Fig.6 temperature-dependent expansion coefficient curve of the material 
As seen in figure 6ˈin the early stage of the heating, physical expansion coefficient increased with the 
increase of temperature. But to 135 ºC, physical expansion coefficient decreased with the increase of 
temperature because the resin in the composite material began to precipitate molecules. When the 
experimental temperature was increased to 250 ºC, the specimen contracted and the physical expansion 
coefficient turned negative. The 5 groups of the experimental data showed the good consistency. 
The curves in Figure 6 are the physical expansion coefficient curves of the material. The average linear 
expansion coefficient, dependent on temperature range, was applied widely in practical engineering 
application, which is defined as follows: 
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In equation (5), 
)( iTa  was the physical expansion coefficient of the material when the experimental 
temperature was i
T
.
When the heating temperature of the material was excessive high, the specimen contracted for the 
molecules precipitating and melting of the material, and even the expansion coefficient turned negative. It 
was unreasonable that these negative values were taken as the linear expansion coefficient of the material, 
and therefore only the values at the range 19 ºC -400 ºC were analyzed. The mean expansion coefficients 
of the material were calculated according to using equation (5), as shown in table 1. 
Table 1 thermal expansion coefficients of the advanced glass fiber composite material 
Specimens 
No.
Specimens length 
˄mm˅
Temperature 
(onset point ºC)
Temperature 
(endset point  ºC)
Thermal expansion 
coefficient(E-6 K-1)
Gaojian-1 24.990 21.0 137.1 9.9922 
Gaojian-2 24.980 19.6 133.1 10.2211 
Gaojian-3 24.570 21.0 132.8 9.6337 
Gaojian-4 24.860 19.1 131.8 9.2902 
Gaojian-5 25.330 19.8 148.0 9.3320 
Average    9.694 
As seen in table 1, as the experimental temperature range is 19ºC-150 ºC, the calculation results of 
thermal expansion coefficients obtained in the five experiments had good consistency. The average value 
(9.694E-6K-1) of them was taken as the thermal expansion coefficient of the material. 
5. Measurement experiment of sublimation heat 
By the experimental requirement, four experiments were conducted, and DTA curves and TG curves 
were obtained. One of the curves was selected respectively, as shown in figure 7 and figure 8. 
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Fig.7 temperature-dependent decomposition enthalpy curve                          Fig.8 temperature-dependent mass rate curve 
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As seen in figure 7, in the process of heating, some small molecules were generated from the 
composite material with the increase of the heating temperature, so the mass of specimen decreased 
gradually to a steady value. The temperature-dependent mass rate curves (DTA curves) were also 
obtained in the experiment, as seen in figure 8; and the sublimation heat was calculated according to the 
above data, as shown in table 2. 
Table2 sublimation heat of the advanced glass fiber composite material  
Specimens 
No.
Mass (mg)
Peak temperature 
ºC
Initial
temperatureºC 
Terminal 
temperatureºC 
Decomposition 
heat(J) 
Sublimation 
heat(kJ/g)
G-6 10.677 609.66 557.71 660.84 31.15 2.92 
G-7 11.657 598.45 514.13 643.98 37.71 3.24 
G-8 12.598 607.84 535.13 656.43 36.92 2.93 
G-9 12.104 595.74 527.91 643.55 39.63 3.27 
Average      3.09 
As seen in table 2, the calculation results of sublimation heat obtained in the four experiments had 
good consistency. The average value (3.09kJ/g) of them was taken as the sublimation heat of the material. 
6. Conclusions 
In the above experiments, the specific heat, thermal expansion coefficient and sublimation heat of the 
advanced glass fiber composite material were obtain, as shown in table 3. This work provides an 
important foundation for the further research on the heat resistance and thermodynamic performance of 
this material. 
Table 3 thermal physical parameters of the advanced glass fiber composite material 
parameters Temperature range(ºC) results 
Engineering specific heat(J/(g· ºC)) (23-400) 1.62 
Thermal expansion coefficient (K-1) (19-150) 9.694*E-6 
Sublimation heat(KJ/g) (0-800) 3.08 
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